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Abstract Vestibular evoked myogenic potentials
(VEMPs) were measured in 22 unilateral Menière patients
with monaural and binaural stimulation with 250 and
500 Hz tone bursts. For all measurement situations signiW-
cantly lower VEMP amplitudes were on average measured
at the aVected side compared to the unaVected side. Unilat-
eral Menière patients have, in contrast to normal subjects,
asymmetric VEMPs, indicating a permanently aVected ves-
tibular (most likely otolith) system at the side of hearing
loss. The diagnostic value of VEMP amplitude asymmetry
measurement in individual patients is low, because of the
large overlap of the VEMP amplitude asymmetry range for
unilateral Menière patients with that for normal subjects.
Keywords VEMP · Myogenic potential · Menière · 
Vestibular asymmetry · Contralateral
Introduction
Menière’s disease (MD) is an inner ear pathology charac-
terised by episodic vertigo, hearing loss and tinnitus. The
typical pathological Wnding in MD is an idiopathic endo-
lymphatic hydrops. Apart from the cochlea, the saccule is
the second most frequently aVected site for hydrops [1, 2].
Most often mentioned complaints in MD are aural fullness
and subjective problems with balance while standing and
walking. Dysfunction of the saccule could explain these
symptoms [3,  4]. However, a reliable diagnostic test to
evaluate saccular function was until previous years not
available. Standard clinical vestibular tests are limited to
the evaluation of only one of the Wve vestibular organs, the
horizontal semicircular canal.
A rather new method to measure the function of the
otolith organs or the saccular function, which is still not
standardly used in every clinic, is the non-invasive, well-
tolerated, relatively simple vestibular evoked myogenic
potential (VEMP) test, Wrst described by Colebatch and
Halmagyi [5,  6]. VEMPs are short latency electromyo-
grams (EMG), evoked by loud acoustic stimuli and
recorded using surface electrodes over the tonically con-
tracted sternocleidomastoid (SCM) muscle.
Several studies in experimental animals and patients
with peripheral audiovestibular lesions conWrm the saccular
origin of the response [6–9]. This vestibulocollic reXex is
mediated by a pathway that includes the saccular macula,
the inferior vestibular nerve and vestibulospinal tract [10].
Therefore, VEMP tests can be used to evaluate the function
of the saccule and/or the inferior vestibular nerve [11].
Functional signiWcance for this pathway is uncertain. In
some more primitive vertebrates the saccule functions as a
hearing organ [12]. Although the cochlea has replaced the
saccule in mammals in this respect, it seems that the sac-
cule has retained some acoustic sensitivity [7, 9].
The diagnostic utility of VEMPs has been investigated in
several studies in patients with vestibulocochlear disorders,
such as superior canal dehiscence, vestibular schwannoma
and multiple sclerosis [13–17]. Studies on the diagnostic
utility of VEMPs in Menière disease are sparse and the
results inconsistent. Variation between the percentage of
positive (decreased or increased) or absent VEMPs diVers
in several studies. [15, 18, 19]. This variation in results is
probably due to the heterogeneity of patient populations
and diVerent detection methods. A more thorough evaluation
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of the diagnostic utility of VEMP in Menière disease
patients is therefore justiWed. As saccular dysfunction is a
pathophysiological feature of MD, we hypothesised that the
VEMP amplitude is reduced in the aVected ear. To test our
hypothesis, we measured VEMPs at both sides in unilateral
Menière patients with vertigo and instability complaints
and used the contralateral unaVected ear as a reference.
One of the problems of the VEMP test is the long testing
time in combination with substantial physical eVort of the
subjects. We therefore also compared the results of monau-
ral and binaural stimulation, the latter allowing for shorter
measurement time.
Materials and methods
Patients
Unilateral Menière patients under 65 years of age, in whom
the disease was conWrmed by the criteria of the Groningen
Menière DeWnition (Table 1) were selected. Twenty-two
unilateral Menière patients were included; 11 with an
aVected right ear and 11 with an aVected left ear. 36%
(N = 8) were female. The mean (SD) age was 53 § 11
years. The mean duration of the disease was
4.8 (§3.2) years.
Preceding the VEMP test every patient underwent stan-
dard ear examination, pure tone audiometry, caloric tests
and magnetic imaging of the cerebellopontine angle to
exclude other audiovestibular diseases. Two weeks before
the VEMP test, all antivertiginous medication was discon-
tinued. Patients with neurological or musculoskeletal signs
or symptoms and conductive hearing loss were excluded
from the study.
Methods
Hardware used for stimulus generation and response process-
ing was: a RP2.1 real time processor, PA5 programmable
attenuator, HB head phone driver, RA4LI electrode con-
nector, RA4PA Medusa preampliWer, RA16 Medusa base
station [manufacturer Tucker-Davis Technologies (TDT)].
Stimuli (100 dB nHL) were symmetrical 250 and 500 Hz
tone bursts with a triangular envelope with 6, respectively,
3 ms rise and fall time (Fig. 1), generated with SigGenRP
software (TDT) and presented with TDH39 headphones
driven by two Philips PM5175 power ampliWers (one for
each ear) at a rate of 5/s.
Responses were averaged 250 times with BioSigRP 
software (TDT) with Wlter settings 3 Hz–1 kHz
A non-inverting electrode was placed, as precisely as possi-
ble, at the midpoint of the sternocleidomastoid muscle on
each side of the neck. The inverting electrodes were placed
at the sternoclavicular junctions and the ground electrode
was placed on the forehead. VEMPs were recorded on both
sides with monaural and binaural stimulation. To keep the
muscle tension constant during the test, the subjects pressed
their forehead in sitting position against a cushioned bar
and got visual feedback on muscle tension from a custom
made LED array. A separate channel of the RP 2.1 proces-
sor was used to produce the root mean square (RMS) level
of the left side ampliWed EMG signal, which was fed to the
array. The p13-n23 amplitudes of the VEMP were mea-
sured.
Statistical methods
VEMP amplitudes of Menière ears and contralateral
unaVected ears were compared using paired sample t tests.
Correlations were expressed as Spearman’s correlation
coeYcient. All reported probability (p) values are two-
sided and a value below 0.05 was considered statistically
signiWcant.
Table 1 DeWnition Menière Groningen 2001
Symptoms Criteria
Vertigo Spontaneous, not provoked
At least two episodes (>20 min) in the past
Cochlear 
hearing loss
Documented on at least one occasion
Total hearing loss at least 60 dB, 
summed over the three worst octaves
Present now or in the past
Tinnitus Ipsi- or bilateral
Present now or in the past Fig. 1 Toneburst of 500 Hz with a triangular envelope with 3 ms rise
and fall time
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Results
General characteristics
The perceptive hearing loss in the Menière ears was at least
60 dB when summed over the worst three octaves. The con-
tralateral (healthy) ears showed normal hearing levels or
only a slight hearing loss at the high frequencies (Fig. 2).
Almost all Menière ears revealed a reduced caloric
response; excitability of the Menière ear was on average
45 § 20% of that of the unaVected ear.
VEMP measurements
SigniWcantly lower VEMP amplitudes were on average
measured at the side of the aVected ear for both stimulus
frequencies (250 and 500 Hz) and binaural (B) as well as
monaural (M) stimuli (Fig. 3).
In Fig. 4 the relation between mean hearing loss in the
Menière ear and the VEMP amplitude measured at the side
of that ear for monaural stimulation with 500 Hz tone
bursts is shown.
Figure 5 gives results for individual ears for binaural
stimulation with 500 Hz.
Discussion
Side diVerence in unilateral Menière patients
Averaged over a group of normal subjects VEMP ampli-
tudes measured at the right and the left sides are equal, both
for binaural and monaural stimulation at the side of mea-
surement [20, 21]. In other words, there is no side prefer-
ence in normal subjects. This is not true for Menière
patients; as can be seen in Fig. 3, the average VEMP ampli-
tude at the aVected side is signiWcantly lower than that at
the unaVected side. The smallest p value is found for mon-
aural stimulation with 500 Hz tone bursts.
Side diVerence is a standard measure of vestibular func-
tion in patients, for instance as the outcome of a caloric test.
Averaged over all four stimulus situations (M250,
M500, B250, B500), the ratio R = (average Aa)/(average
Au) is 0.67 (Aa and Au are the amplitudes for the aVected
and unaVected ears, respectively).
Rauch et al. [19; Fig. 4] found a similar value (R = 0.61)
for monaural stimulation with 500 Hz tone bursts in 34 uni-
lateral Menière patients, but for stimulation with 250 Hz
tone bursts they found R =1 .
Fig. 2 Mean hearing loss (§1 SD) in Menière ears and contralateral
unaVected ears
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Fig. 3 Comparison of average VEMP amplitudes (+1 SEM) measured
at the side of the Menière ear and the contralateral unaVected ear, for
monaural (M) and binaural (B) stimulation with 250 and 500 Hz tone
bursts
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Fig. 4 Relation between mean hearing loss in the Menière ear and the
VEMP amplitude measured at the side of that ear. Mean hearing loss is
the average loss at 250 up to and including 8,000 Hz. The Menière ear
was monaurally stimulated with 500 Hz tone bursts. The dashed line is
a least squares Wt with a second order curve
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Table 3 in Young et al. [18] gives an average value of
0.23 for the IAD ratio for 40 patients with unilateral deW-
nite MD, stimulated with 500 Hz tone bursts [IAD = inter-
aural amplitude diVerence = (Au ¡ Aa)/(Au + Aa)]. Although
the average IAD ratio cannot directly be compared with R,
also the result for the average IAD corresponds with a sig-
niWcantly lower average VEMP amplitude in the aVected
ear. The reduced VEMP amplitude at the aVected side
points toward a permanently aVected otolith system in uni-
lateral Menière patients at the side of the Menière ear. The
aVection of the cochlea and (part of) the vestibular system
are related (Fig. 4): smaller VEMP amplitudes are found
for larger hearing losses. Young et al. [18] found a signiW-
cant relation between the stage of MD and the average
VEMP IAD: the average IAD increased from stage 1 to
stage 4. To stage the disease, the guidelines [22] of the
American Academy of Otolaryngology—Head and Neck
Surgery were followed. According to these guidelines, as
larger hearing loss corresponds with a later stage, Young
et al. found that larger VEMP amplitude asymmetry is mea-
sured in Menière patients with larger hearing losses, which
corresponds with the relation shown in Fig. 4.
In Menière patients with drop attacks, these attacks are
thought to be caused by an “otolithic catastrophe” [23].
Timmer et al. [24] found signiWcantly more absent VEMPs
in patients with drop attacks and although the precise histo-
pathological and physiological explanations for drop
attacks are not known, these Wndings also support the
assumption that the otolith system is aVected in Menière
patients.
Binaural versus monaural stimulation
It can be seen in Fig. 3 that binaural or monaural stimulation
produce on an average the same VEMP amplitude in the
unaVected ears, both for 250 and 500 Hz stimuli. This result
corresponds with that of Brantberg and Fransson [21], who
found for 23 normal subjects that the ipsilateral response to
monaural clicks was similar to the response to binaural clicks.
Wang and Young [20], however, found for binaural stimula-
tion an average VEMP amplitude of 83% of that for monaural
stimulation with 500 Hz tone bursts in 14 healthy subjects.
As can be seen in Fig. 3, monaural stimulation produces
larger average VEMP amplitude diVerences between the
aVected and the unaVected ear than binaural stimulation.
This is in accordance with the result of Wang and Young
[20], who found a larger median IAD ratio for monaural
stimulation compared to simultaneous binaural stimulation
in 12 Menière patients.
Binaural stimulation, on the other hand, has the advan-
tage of substantially shorter measurement time and thus
less muscular eVort, which is of importance in particular for
older patients.
Diagnostic value
VEMP amplitude diVerences in normal individuals can be
large. According to Murofushi and Kaga [25], VEMP
amplitude asymmetry should exceed 34% to be pathologi-
cal. Asymmetry is deWned as 100(Au ¡ Aa)/(Au + Aa), in
which Au and Aa are the amplitudes measured at the
unaVected and aVected side, respectively. Welgampola and
Colebatch [26] gave values for the asymmetry range for
click stimulation in normal subjects. This range (all mea-
sured values are smaller) is about 30% for subjects between
20 and 40 years of age, 45% for 40–60 years and even
larger for subjects older than 60 years. Table 3 in Wang and
Young [20] gives a normal asymmetry range of 35% for
binaural stimulation with 500 Hz tone bursts in young sub-
jects. Taking into account that two standard deviations is in
general a smaller value than the total range it is well-
founded, considering the above given values, to take 35%
as the limit for normal asymmetry for subjects between 40
and 60 years of age, the age range of our Menière patients.
This yields a approximate value of 2 for Aa/Au as the
boundary between normal and pathological.
This boundary is shown in Fig. 5. And although in 18 of
the 22 Menière patients Au is equal to or larger than Aa,
only 3 patients can be classiWed as having a pathological
VEMP amplitude asymmetry. So, while measuring VEMP,
amplitude ratio Aa/Au is used as a test in unilateral Menière
patients to conWrm vestibular pathology of the aVected ear;
our results for binaural stimulation with 500 Hz tone bursts
yield a test sensitivity of 14% (3/22).
Fig. 5 Comparison of individual VEMP amplitudes for the Menière
ear and the contralateral unaVected ear, for binaural stimulation with
500 Hz tone bursts
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Conclusion
In contrast to normal subjects, unilateral Menière patients
have on average smaller VEMPs at the aVected side com-
pared to the unaVected side. The diagnostic value of VEMP
amplitude asymmetry measurement in individual patients is
low, because of the large overlap of the VEMP amplitude
asymmetry range for unilateral Menière patients with that
for normal subjects.
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